Intelligent Service Platform of Manufacturing Process and Tool Based on Data Warehouse  by Wu, Xuefeng et al.
Available online at www.sciencedirect.com
2212-8271 © 2016 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the scientific committee of the 5th CIRP Global Web Conference Research and Innovation for Future Production
doi: 10.1016/j.procir.2016.10.033 
 Procedia CIRP  56 ( 2016 )  338 – 343 
ScienceDirect
WK,QWHUQDWLRQDO&RQIHUHQFHRQ'LJLWDO(QWHUSULVH7HFKQRORJ\'(7±³,QWHOOLJHQW0DQXIDFWXULQJLQ
WKH.QRZOHGJH(FRQRP\(UD
,QWHOOLJHQW6HUYLFH3ODWIRUPRI0DQXIDFWXULQJ3URFHVVDQG7RRO%DVHGRQ
'DWD:DUHKRXVH
 ;XHIHQJ:X*DRFKHQJ)HQJ7RQJNXQ:X
+DUELQ8QLYHUVLW\RI6FLHQFHDQG7HFKQRORJ\;XHIX5RDG+DUELQ&KLQD

&RUUHVSRQGLQJDXWKRU7HO(PDLODGGUHVVZX[XHIHQJ#KUEXVWHGXFQ
$EVWUDFW
&ORXGPDQXIDFWXULQJ WDNHV WKH DGYDQFHG LQIRUPDWLRQ WHFKQRORJ\ DV WKHPHGLD WRSURYLGH OLIH F\FOHPDQXIDFWXULQJ UHVRXUFH LQWHJUDWLRQ DQG
VKDUHVVHUYLFHVVXFKDVSURGXFWGHYHORSPHQWDQGPDQXIDFWXULQJ0DFKLQHWRRODVDFORXGPDQXIDFWXULQJVHUYLFHVWHUPLQDOLVDQLPSRUWDQWSDUW
RISURGXFWPDQXIDFWXULQJ0DFKLQLQJSURFHVVDQGFXWWLQJWRROVDVWKHZD\VRIUHDOL]LQJWKHPDQXIDFWXULQJDUHLQGLVSHQVDEOHWKH\DUHVHUYLFHV
LQWHUIDFHLQWKHFORXGPDQXIDFWXULQJV\VWHP7KHSURFHVVGDWDVKDULQJVHUYLFHIUDPHZRUNLQWKHFORXGPDQXIDFWXULQJHQYLURQPHQWLVSUHVHQWHG
7KHEDVLFGDWDRIFXWWLQJPDFKLQLQJSURFHVVDQGWRROLQGDWDZDUHKRXVHDUHWKHIRXQGDWLRQDQGFRUHRIGDWDVHUYLFHLQWKLVIUDPHZRUN'DWD
PLQLQJ WHFKQRORJ\ LV WDNHQ DV GDWD TXHU\ DQG SURFHVVLQJ PHWKRG ,QWHOOLJHQW PDWFKLQJ VWUDWHJ\ EDVHG RQ PDFKLQLQJ IHDWXUH UHFRJQLWLRQ
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7KH$XWKRUV3XEOLVKHGE\(OVHYLHU%9
3HHUUHYLHZXQGHUUHVSRQVLELOLW\RIWKH6FLHQWLILF&RPPLWWHHRIWKH³WK,QWHUQDWLRQDO&RQIHUHQFHRQ'LJLWDO(QWHUSULVH7HFKQRORJ\'(7

.H\ZRUGV&ORXGPDQXIDFWXULQJ,QWHOOLJHQWSURFHVVSODWIRUP'DWDZDUHKRXVH&XWWLQJWRROVHOHFWLRQSODWIRUP
,QWURGXFWLRQ
&ORXG PDQXIDFWXULQJ LV D QHZ PRGHO RI QHWZRUN
PDQXIDFWXULQJ VHUYLFHV ZLWK FORXG PDQXIDFWXULQJ VHUYLFH
SODWIRUP DQG QHWZRUN WHFKQRORJ\ LW LV XVHG WR PDQDJH
PDQXIDFWXULQJ UHVRXUFHV DQG SURYLGH VHUYLFHV WR HQWHUSULVH
XVHUV &ORXG FRPSXWLQJ KLJK SHUIRUPDQFH FRPSXWLQJ
QHWZRUNLQJ DQG QHWZRUNHG PDQXIDFWXULQJ DUH LQWHJUDWHG LQ
FORXGPDQXIDFWXULQJ>@7KHYDULRXV W\SHVRIPDQXIDFWXULQJ
UHVRXUFHV DQG FDSDELOLWLHV DUH LQWHJUDWHG LQ FORXG VHUYLFHV
ZKLFKPDQDJHFORXGVHUYLFHV LQWHOOLJHQWO\SURYLGHVDIHKLJK
TXDOLW\ DQG FKHDS FORXG VHUYLFH WR HQWHUSULVH XVHUV 7KH
FRQFHSWRIFORXGPDQXIDFWXULQJLVPDQXIDFWXULQJDVDVHUYLFH
DQGEDVHGXSRQWKLVDOONLQGVRIPDQXIDFWXULQJUHVRXUFHVDQG
PDQXIDFWXULQJFDSDFLW\DUHYLUWXDOL]HGDVDVHUYLFHIRUPLQJD
VKDULQJ VHUYLFH SODWIRUP RI PDQXIDFWXULQJ UHVRXUFHV DQG
PDQXIDFWXULQJ FDSDFLW\ WR DFKLHYH D VDIH UHOLDEOH KLJK
TXDOLW\DQGFKHDSPDQXIDFWXULQJOLIHF\FOHVHUYLFH
%RKX /L HW DO >@ ILUVW SURSRVHG WKH FRQFHSW RI FORXG
PDQXIDFWXULQJDQGWKHRSHUDWLRQPRGHDQGSURSRVHGWKHILYH
OD\HU V\VWHP VWUXFWXUH RI FORXGPDQXIDFWXULQJ LQFOXGLQJ WKH
DSSOLFDWLRQ OD\HU DSSOLFDWLRQ LQWHUIDFH OD\HU FRUH UHVRXUFH
OD\HUYLUWXDOUHVRXUFHOD\HUSK\VLFDOUHVRXUFHVOD\HU;X>@
SURSRVHGDOD\HUFORXGPDQXIDFWXULQJ V\VWHPVWUXFWXUH WKDW
LVWKHDSSOLFDWLRQOD\HUJOREDOVHUYLFHOD\HUWKHYLUWXDOVHUYLFH
OD\HU DQG PDQXIDFWXULQJ UHVRXUFHV OD\HU %HVLGHV PDQ\
VFKRODUVKDYHSURSRVHGRWKHUFORXGPDQXIDFWXULQJV\VWHPV>
@+RZHYHUQRPDWWHULQZKLFKV\VWHP1&PDFKLQHWRROLVLQ
WKH PDQXIDFWXULQJ FORXG SK\VLFDO UHVRXUFHV OD\HU 0DFKLQH
WRROLVDQHIIHFWLYHZD\WRDFKLHYHKLJKHIILFLHQF\DXWRPDWLRQ
DQG IOH[LEOHPDQXIDFWXULQJZKLFK SOD\V DQ LUUHSODFHDEOH UROH
HVSHFLDOO\ LQ VPDOO EDWFK FRPSOH[ VKDSH DQG KLJKSUHFLVLRQ
SDUWVPDQXIDFWXULQJ0DFKLQLQJSURFHVVLVWKHPRVWLPSRUWDQW
UHVRXUFHVRIPDFKLQLQJDQGWKHSRZHUIXOJXDUDQWHHWRSURPRWH
WKHTXDOLW\RIWKHSURGXFWVLPSURYHSURGXFWLRQHIILFLHQF\DQG
UHGXFHWKHPDQXIDFWXULQJFRVW
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7KH FRPELQDWLRQ RI FRPSXWHU WHFKQRORJ\ SURFHVV
RSWLPL]DWLRQDQGFXWWLQJWHFKQLTXHVLVDFKLHYHGILUVWO\WKURXJK
WKH FXWWLQJ GDWDEDVH ,Q  WKH GDWDEDVH WHFKQRORJ\ ZDV
LQWURGXFHGWRWKHILHOGRIPHWDOFXWWLQJE\8QLWHG6WDWHV7KH
GDWDEDVH ZDV UHVHDUFKHG DQG GHYHORSHG E\ $)0'& ZKLFK
FRQWDLQV PRUH WKDQ  ZRUNSLHFH PDWHULDO  W\SHV RI
FXWWLQJSDUDPHWHUVRISURFHVVLQJPHWKRGV ,Q*HUPDQ\
DOVRHVWDEOLVKHGDFXWWLQJGDWD,QWHOOLJHQFH&HQWHU,1)26LW
EHFDPHRQHRI WKHZRUOG
V ODUJHVWFXWWLQJGDWDEDVHV$IWHU
\HDUV
 GHYHORSPHQW DQG LPSURYHPHQW PRUH WKDQ  PHWDO
FXWWLQJGDWDEDVHVDUHDSSOLHGWRWKHSUDFWLFDOSURGXFWLRQ>@
0HWDO FXWWLQJ GDWDEDVH KDV EURXJKW FRQVLGHUDEOH HFRQRPLF
RXWORRN IRU WKH PHFKDQLFDO SURFHVVLQJ LQGXVWU\ WKH
,QWHUQDWLRQDO ,QVWLWXWH IRU 3URGXFWLRQ (QJLQHHULQJ 5HVHDUFK
&,53 SURYHV WKH FXWWLQJ GDWDEDVH FDQPDNH WKH SURFHVVLQJ
FRVW RI WKH HQWHUSULVH WR LPSURYH UHGXFHG E\  RU PRUH
WKURXJK LQYHVWLJDWLRQ WKH UHVHDUFK ZLOO HIIHFWLYHO\ LPSURYH
FXWWLQJ SURGXFWLRQ HIILFLHQF\ > @ %HLMLQJ ,QVWLWXWH RI
7HFKQRORJ\KDVEXLOW GLIILFXOW WRPDFKLQLQJPDWHULDOV FXWWLQJ
GDWDEDVH FRDWLQJ KDUG DOOR\ FXWWLQJ GDWDEDVH DQG FRDWHG
FHPHQWHGFDUELGHWRROH[SHUWV\VWHPRIFXWWLQJGDWDEDVHVLQFH
6KDQGRQJ8QLYHUVLW\VWXGLHGWKHFXWWLQJGDWDEDVHVLQFH
GHYHORSHGVRPHFXWWLQJGDWDEDVHVDLPLQJDWKLJKVSHHG
FXWWLQJDQGGLIILFXOWWRPDFKLQHPDWHULDOV>@
7KH RSWLPL]DWLRQ DOJRULWKP DQG DUWLILFLDO LQWHOOLJHQFH FDQ
EH LQWURGXFHG LQWR WKH RULJLQDO GDWDEDVH V\VWHP ZKLFK
EHFRPHV PDLQ GLUHFWLRQ RI VFKRODUV
 UHVHDUFK )RU LQVWDQFH
3*0FURSRXORV HW DO GHYHORSHG DQ LQWHOOLJHQW WRRO VHOHFWLRQ
V\VWHPDFFRUGLQJWRWKHEDVLFSULQFLSOHRIPHWDOFXWWLQJZKLFK
FRXOGSUHGLFWQHZSURFHVVLQJFRQGLWLRQVEDVHGRQ WKHH[LVWHG
FXWWLQJGDWD2SWLPL]DWLRQPHWKRGVVXFKDVWKHQHXUDOQHWZRUN
DOJRULWKPSDUWLFOHVZDUPRSWLPL]DWLRQDOJRULWKPDQGJHQHWLF
DOJRULWKP DUH DSSOLHG WR FXWWLQJ GDWD REWDLQLQJ IXQFWLRQV RI
WRROZHDU SUHGLFWLRQ DQG FXWWLQJ SDUDPHWHUV RSWLPL]DWLRQ$W
SUHVHQW WKH PRVW PDWXUH WRRO FXWWLQJ GDWDEDVH LV
PDQXIDFWXUHU
V WRRO VHOHFWLRQ IRU XVHUV 6DQGYLN &RURPDQW
GHYHORSHG D WRRO PDQDJHPHQW VRIWZDUH ZKLFK FDQ
DXWRPDWLFDOO\FKRRVH WKH WRROV IURPWKHFRPSDQ\
VHOHFWURQLF
VDPSOHV DQG SURYLGH LQIRUPDWLRQ RI FXWWLQJ SDUDPHWHUV DQG
WRROOLIH
&$33 KDV WKH DGYDQWDJHV RI LPSURYLQJ WKH HIILFLHQF\ RI
SURFHVV GHVLJQ UHGXFLQJ WKH FRVW RI SURFHVV GHVLJQ DQG
VKRUWHQLQJ WKH SURGXFWLRQ F\FOH 3URFHVV PHWKRG DQG WRRO
SHUIRUPDQFH FKDQJHG FRQVWDQWO\ ZLWK WKH GHYHORSPHQW RI
FXWWLQJDQG WRRO WHFKQRORJ\DQG WKHVHUYLFHSURFHVVZRQ
WEH
DEOH WR SURYLGH EHWWHU VHUYLFH XQOHVV EH WLPHO\ XSGDWHG
7KHUHIRUHWKHVKDULQJRISURFHVVLQJWHFKQRORJ\LVHIIHFWLYHLQ
RUGHU WR PDNH FXWWLQJ WRROV PDFKLQLQJ FHQWHUV DQG RWKHU
PDQXIDFWXULQJ WHUPLQDOV EHWWHU VHUYHG IRU FXVWRPHU
:RUNSLHFHPDWHULDOVPDFKLQH WRROV DQG FXWWLQJ WRROV UHODWHG
WR SURFHVVLQJ WHFKQRORJ\ ZLOO DIIHFW WKH GHYHORSPHQW RI
SURFHVVLQJ WHFKQRORJ\ $PRQJ WKHP FXWWLQJ WRROV KDYH WKH
KLJKHUGHJUHHRIVWDQGDUGL]DWLRQDQGVWURQJHUYHUVDWLOLW\WKXV
WKLVDUWLFOHH[SORUHVWKHPHWKRGVRIVKDULQJDQGVHUYLFHRIWKH
SURFHVVLQJEDVHGRQWKHFXWWLQJWRROV
%DVLF)UDPHZRUNIRU3URFHVV&ORXG6HUYLFHV
1& PDFKLQH WRRO DV RQH RI WKH FORXG PDQXIDFWXULQJ
WHUPLQDOV LV DQ LPSRUWDQW SDUW RI WKH SURGXFWPDQXIDFWXULQJ
PDFKLQLQJ SURFHVV DQG FXWWLQJ WRROV DUH HVVHQWLDO SDUW IRU
&1& PDFKLQH WRRO ZRUNLQJ 7KHUHIRUH PDFKLQLQJ SURFHVV
DQGWRROVHUYLFHDUHHVVHQWLDOOLQNLQFORXGPDQXIDFWXULQJ7KH
VL]H RI WKH SURFHVVHG ZRUNSLHFH DQG WKH DFFXUDF\ RI WKH
LQIRUPDWLRQ DUH UHOHDVHG WR WKH SURFHVV VHUYHU WKURXJK WKH
FORXG SURFHVV VHUYHU GHFRPSRVHV WKH SURFHVVLQJ
FKDUDFWHULVWLFV RI WKH SDUWV 7KH SDUW PDWHULDOV SURFHVVLQJ
FKDUDFWHULVWLFVDQGUHTXLUHPHQWVRIPDFKLQLQJDUHPDWFKHU LQ
WKH VHUYHU DQG WKH ULJKW PDFKLQH LQIRUPDWLRQ ZLOO EH
WUDQVIHUUHG WR WKH SURFHVV VHUYHU FRPELQHG ZLWK WKH FXWWLQJ
WRROVPDWFKLQJWKHSURFHVVLQJ(YHQWXDOO\WKHLQIRUPDWLRQRI
FXWWLQJ WRROV LV WUDQVPLWWHG WR WKH XVHU RU PDQXIDFWXUHU
SURYLGLQJVROXWLRQVDUUDQJHPHQWLQWKHSURFHVVDQGFKRLFHRI
FXWWLQJWRRODVVKRZQLQWKH)LJ


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7HFKQLFDO6HUYLFH)UDPHZRUN
(VWDEOLVKPHQWRI%DVLF'DWDEDVH%DVHGRQ'DWD
:DUHKRXVH
7KH FRUHSDUW RI VHUYLFHSODWIRUP LV WKHSURFHVVGDWDEDVH
KRZHYHU WKH SUREOHPV RI H[LVWLQJ V\VWHP GDWDEDVH DUH WKH
FRPSOH[ GDWD VWRUHG LQ WKH GDWD V\VWHP /DUJH DPRXQW RI
LQIRUPDWLRQ VWURQJ VHUYLFH DELOLW\ ORQJ FRQVWUXFWLRQ SHULRG
UHVXOWLQJ LQ WKH GDWDEDVH GDWD ODJV IDU EHKLQG WKH OHYHO RI
PDQXIDFWXULQJ WHFKQRORJ\ 'DWD ZDUHKRXVH LV D VXEMHFW
RULHQWHG LQWHJUDWHG QRQYRODWLOH WLPHYDU\LQJ GDWD VHW LW LV
XVHG WR VXSSRUW PDQDJHPHQW GHFLVLRQPDNLQJ ,W LV D NH\
WHFKQRORJ\IRU2/$3DQDO\VLVGDWDPLQLQJGDWDVWRUDJHGDWD
RUJDQL]DWLRQ DQG GDWD LQWHJUDWLRQ7KH RSHUDWLRQ GDWD FDQEH
HIIHFWLYHO\ LQWHJUDWHG LQWR D XQLILHG HQYLURQPHQW WR SURYLGH
GHFLVLRQPDNLQJ GDWD DFFHVV VR WKDW XVHUV FDQ HDVLO\ DQG
TXLFNO\ FKHFN WKH QHHGHG LQIRUPDWLRQ DQG GHFLVLRQ VXSSRUW
'DWDZDUHKRXVH WHFKQRORJ\KDVEHHQDSSOLHG LQDQXPEHURI
HQWHUSULVHVDQGEXVLQHVV VHUYLFHVZLWK  JRRGSURVSHFW7KHUH
LV OHVV GDWD ZDUHKRXVH DSSOLFDWLRQ UHVHDUFK LQ FXWWLQJ
GDWDEDVH ;LQOLQJ =KDQJ LQWURGXFHG GDWD ZDUHKRXVH
WHFKQRORJ\WRJULQGLQJGDWDVKDULQJSODWIRUPFRQVWUXFWHGGDWD
ZDUHKRXVHDFFRUGLQJWRWKHFKDUDFWHULVWLFVRIJULQGLQJSURFHVV
GDWD DQG DQDO\]HG WKH PXOWLGLPHQVLRQDO GDWD VHW LQ WKH
ZDUHKRXVH>@
3URFHVVLQJ WHFKQRORJ\ LV GHFLGHG E\ WKH ZRUNSLHFH
PDWHULDOV FKDUDFWHULVWLFV RI ZRUNSLHFH PDFKLQLQJ PHWKRGV
FXWWLQJ WRROV DQG PDFKLQLQJ TXDOLW\ UHTXLUHPHQWV MRLQWO\
WKHUHIRUH WKH DERYH LQIRUPDWLRQ LV QHHGHG WR EH FROOHFWHG
PDQDJHGDQGVWRUHGLQWRWKHGDWDZDUHKRXVHLQXQLILHGIRUPDW

0DWHULDODQGFXWWLQJNQRZOHGJHEDVH
0DWHULDO DQG FXWWLQJ NQRZOHGJH EDVH LQFOXGHV EDVLF
LQIRUPDWLRQ RI PDWHULDOV FXWWLQJ PHFKDQLVP FXWWLQJ WRRO
JHRPHWU\ PDWHULDO LQIRUPDWLRQ EDVLF FKDUDFWHULVWLFV RI
PDFKLQHWRRODQGVRRQ
3URFHVVFODVVLILFDWLRQRIPDFKLQLQJIHDWXUHV
7KH FXWWLQJ WRROV DUH YDULRXV LQ GLIIHUHQW SURFHVV
PDFKLQLQJ SDUWV DQG SURFHVVLQJ SRVLWLRQ ,W LV QHHG WR
GHFRPSRVH SDUWV WR EDVLF FKDUDFWHULVWLFV HOHPHQWV EDVHG RQ
PDFKLQLQJ IHDWXUHV*HQHUDOO\ W\SLFDOSDUWVFRQVLVWRISODQH
JURRYHVXUIDFHVKRXOGHUKROHDQGVRRQDQGFDQEHUHILQHG
DFFRUGLQJ WR GLIIHUHQW SURFHVVLQJ SRVLWLRQ DQG URXJK
PDFKLQLQJ?VHPL ILQLVK PDFKLQLQJ?ILQLVKLQJ SURFHVVLQJ
FKDUDFWHULVWLFV
 ,GHQWLILFDWLRQ DQG (YDOXDWLRQ RI &XWWLQJ 7RRO DQG
0DFKLQH7RRO'\QDPLFV
7KHFKDQJHRIFXWWLQJOD\HUG\QDPLFKDVJUHDWLQIOXHQFHRQ
FXWWLQJ SURFHVV G\QDPLFV SHUIRUPDQFH ,GHQWLILFDWLRQ DQG
HYDOXDWLRQ RI FXWWLQJ WRROV DQG G\QDPLF SHUIRUPDQFH RI
PDFKLQH WRRO FDQ HYDOXDWH PLOOLQJ VWDELOLW\ PRUH DFFXUDWHO\
PHHW WKH PDFKLQLQJ UHTXLUHPHQWV DQG PDWFK WKH
FRUUHVSRQGLQJPDFKLQHWRRO
0DWFKLQJ5XOHVEHWZHHQ:RUNSLHFH0DWHULDOV&XWWLQJ
7RROV3URFHVV3DUDPHWHUVDQG0DFKLQLQJ3DWK
)DFWRUV VXFK DV PDFKLQLQJ SURFHVV ZRUNSLHFH PDWHULDO
FXWWLQJ WRRO SURFHVV SDUDPHWHUV SURFHVVLQJ SDWK ZLOO DIIHFW
WKH SURFHVVLQJ UHVXOWV %HVLGHV KDUGQHVV PXWDWLRQ VKDSHG
FRUQHUVXUIDFHDQGFXUYDWXUHPXWDWLRQKDYHJUHDWLQIOXHQFHRQ
SODQQLQJRIFXWWLQJSDUDPHWHUVDQGPDFKLQLQJSDWK7KHEDVLF
PDWFKLQJUXOHVRIYDULRXVIDFWRUVDUHDGGHGLQWKHGDWDEDVHVR
WKDW WKH SURFHVV GDWD ZLOO EH PRUH DFFXUDWH 7KH SURFHVV RI
FXWWLQJ FRQWDLQV ORWV RI LQIRUPDWLRQ VR VLQJOH SURFHVVLQJ
LQIRUPDWLRQ VKRXOG LQFOXGH LQIRUPDWLRQ RI PDWHULDO FXWWLQJ
WRRO PDFKLQH WRRO ZRUNSLHFH FKDUDFWHULVWLFV DQG SURFHVV
SDUDPHWHUV DQG VR RQ ZKLFK EULQJV FRPSOH[LW\ WR WKH
VXEVHTXHQW FODVVLILFDWLRQ DQG GDWD SURFHVVLQJ 6WDQGDUG
SURFHVV LQIRUPDWLRQ GDWDEDVH LV HVWDEOLVKHG DFFRUGLQJ WR WKH
PDWHULDOSURFHVVLQJDQGSURFHVVLQJFKDUDFWHULVWLFV7KHDGGHG
GDWDEDVHGRQUXOHEDVHGUHDVRQLQJDQGFDVHEDVHGUHDVRQLQJ
K\EULG IRUZDUG UHDVRQLQJ PHWKRG WR FODVVLI\ WKH SURFHVV
LQIRUPDWLRQ VR WKH QHZ GDWD FDQ LQKHULW VRPH RI WKH
FKDUDFWHULVWLFV RI WKH EDVLF GDWD ZLWK WKH FRQYHQLHQFH RI
VXEVHTXHQWGDWDPLQLQJDQDO\VLV7KHSURFHVVRI LQIRUPDWLRQ
SURFHVVLQJLVVKRZQLQ)LJ
7KHGDWDZDUHKRXVH WHFKQRORJ\ LV XVHG WREXLOG WKHEDVLF
GDWDEDVHEDVHGRQWKHFODVVLILFDWLRQRIWKHSURFHVVLQJIHDWXUH
DQG FXWWLQJ NQRZOHGJH EDVH &XWWLQJ EDVLF SK\VLFDO GDWD
ZDUHKRXVHFRQVLVWVRIZRUNSLHFHLQIRUPDWLRQUHSRVLWRU\ WRRO
LQIRUPDWLRQGDWDEDVHLQIRUPDWLRQOLEUDU\RIFXWWLQJWRROWRRO
SDWK LQIRUPDWLRQGDWDEDVH SURFHVVLQJ FKDUDFWHULVWLF GDWDEDVH
DQGEDVLFFXWWLQJGDWD7KHSURFHVVUXOHDVWKHNQRZOHGJHEDVH
DQG FRQVWUDLQW FRQGLWLRQV LV XVHG LQ RSWLPL]DWLRQ DQG GDWD
PLQLQJ 7KH EDVLF GDWD FRQVLVWV RI H[SHULPHQWDO GDWD WKH
VLPXODWLRQGDWD WKHNQRZOHGJH OLWHUDWXUHGDWDDQG ILHOGGDWD
SURFHVVLQJ 7KHVH GDWD DUH ORDGHG LQWR GDWD ZDUHKRXVH
WKURXJKGDWDHQWU\ZLWKWKH(7/WRROH[WUDFWLQJFOHDQLQJDQG
WUDQVIRUPLQJ WKH GDWD EHIRUH LQSXWWLQJ LW WR SURYLGH
FRQYHQLHQFH WR WKH GDWD ZDUHKRXVH VWRUDJH DQG TXHU\
&XVWRPHUFDQH[WUDFWIURPWKHGDWDZDUHKRXVHWRJHWDFHUWDLQ
VXEVHW DFFRUGLQJ WR WKHLU QHHGV WR PHHW FXVWRPHU
UHTXLUHPHQWVRQDSSOLFDWLRQDQDO\VLVDQGUHSRUWLQJ'DWDFXEH
FDQ EH HVWDEOLVKHG E\ GDWD PDUW VXFK DV WKUHHGLPHQVLRQDO
GDWD FXEH FRPSRVHG RIPDFKLQLQJ IHDWXUH FXWWLQJ WRROV DQG
FXWWLQJ SDUDPHWHUV 'R RQOLQH DQDO\VLV SURFHVVLQJ 2/$3
RSHUDWLRQWRWKHGDWDFXEHE\GULOOLQJGRZQUROOLQJXSVOLFLQJ
DQGGLFLQJ,QDGGLWLRQWKHGDWDLQWKHGDWDZDUHKRXVHFDQEH
XVHGLQGDWDPLQLQJVWDWLVWLFDODQDO\VLVDQGGDWDRSWLPL]DWLRQ
)LQDOO\ GLVSOD\ DQG SUHVHQW WKH UHVXOWV WKURXJK WKH TXHU\
DQDO\VLV DQG UHSRUWLQJ WRROV 'DWD ZDUHKRXVH HVWDEOLVKPHQW
IUDPHZRUNLVVKRZQLQ)LJ



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)LJ7KHSURFHVVRILQIRUPDWLRQSURFHVVLQJ

)LJ%DVHGDWDZDUHKRXVHRIFXWWLQJSURFHVVNQRZOHGJH
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,QIRUPDWLRQ4XHU\%DVHGRQ'DWD0LQLQJ
7KHDSSOLFDWLRQRIGDWDZDUHKRXVHFDQVHUYLFHIRUFXVWRPHU
DIWHUHVWDEOLVKLQJWKHGDWDZDUHKRXVH'DWDPLQLQJWHFKQRORJ\
FDQEHDSSOLHGWRDQDO\]HWKHGDWDWRILQGWKHLQIRUPDWLRQWKDW
XVHUV DUH FRQFHUQHG DERXW 'DWD PLQLQJ KDV DQDO\WLFDO
PHWKRGV VXFK DV WKH FRUUHODWLRQ FODVVLILFDWLRQ SUHGLFWLRQ
ZKLFKFDQEHXVHGWRDQDO\]HWKHGDWDLQWKHGDWDZDUHKRXVH
7KH LQIRUPDWLRQ RI WKH ZRUNSLHFH PDFKLQLQJ IHDWXUHV
PDFKLQLQJ WRROV FXWWLQJ WRROV FXWWLQJ SDUDPHWHUV DQG
PDFKLQLQJ SDWK FDQ EH REWDLQHG WKURXJK DVVRFLDWLRQ UXOH
PLQLQJZKLFKFDQSURYLGHGDWDVXSSRUWWRWKHRSWLPL]DWLRQRI
SURFHVVSDUDPHWHUV7KHFODVVLI\LQJDQGSUHGLFWLQJPHWKRGDUH
WDNHQ WR FODVVLI\ WKH VDPH SURFHVVLQJ FKDUDFWHULVWLFV RI
SURFHVVSDUDPHWHUVDFFRUGLQJWRWKHSURFHVVDQGUHVXOWVRIWKH
SURFHVVLQJ7KHSDUDPHWHUVFDQEHFDWHJRUL]HGWRILQGUHOHYDQW
GDWDTXLFNO\ZKHQ VHOHFWLQJ LPSURYLQJ WKH VSHHGRISURFHVV
RSWLPL]DWLRQ &OXVWHU DQDO\VLV PHWKRG FDQ EH XVHG LQ WKH
SURFHVV RI ILQGLQJ VLPLODU LQIRUPDWLRQ LQ ZDUHKRXVH DQG
FOXVWHULQJ WKH LQIRUPDWLRQDFOXVWHURIGDWDFDQEH VHHQDVD
ZKROH WR UHGXFH WKH DPRXQW RI GDWD RSWLPL]DWLRQ 7KH
UHJUHVVLRQ IRUHFDVWLQJ PHWKRG LV XVHG WR SUHGLFW WKH
SURFHVVLQJ UHVXOWV RI D SDUW E\ XVLQJ WKH PHWKRG RI GDWD
PLQLQJ 7KH DERYH PHWKRG DUH XVHG LQ WKH SODWIRUP IRU
SURFHVVRSWLPL]DWLRQWRROVHOHFWLRQDQGSURFHVVRSWLPL]DWLRQ
*HQHWLF DOJRULWKP QHXUDO QHWZRUN SDUWLFOH VZDUP
RSWLPL]DWLRQ DOJRULWKP DUH LQWHJUDWHG WR GDWD DQDO\VLV IRU
GLIIHUHQWRSWLPL]DWLRQREMHFWLYHV
,Q WKH PDFKLQLQJ GLIIHUHQW FXWWLQJ WRROV FDQ EH XVHG WR
DFKLHYH WKH VDPH IHDWXUH VR RQH RI WKH LPSRUWDQW NH\V IRU
PDFKLQLQJ LV FKRRVLQJ WKH ULJKW WRRO 7KH FKDUDFWHULVWLFV RI
FXWWLQJ WRRO LQ GLIIHUHQW SURFHVVLQJ DUH GHILQHG DV WKH EDVLF
SULQFLSOH LQSXWWLQJ LQWR GDWD ZDUHKRXVH 7KH DYDLODEOH WRROV
DUH VRUWHG DV WKHLU DSSOLFDELOLW\ DFFRUGLQJ WR WKH HYDOXDWLRQ
FULWHULDDQGVHW WKHRSWLPL]DWLRQJRDO WRJHW VXLWDEOH WRRODQG
SURFHVVSDUDPHWHUV7KHSURFHVVLVVKRZQLQ)LJ
3URFHVVLQJ HTXLSPHQWV LQ GLIIHUHQW SURFHVVLQJ VHUYLFH
HQWHUSULVH DUH QRW VDPH DQG QHLWKHU GRHV WKH SURFHVVLQJ RI
RQH SURGXFW ZLWK GLIIHUHQW PDFKLQH WRROV 7KHUHIRUH LW LV
QHFHVVDU\ WR FRQVLGHU WKH GLIIHUHQFH RIPDFKLQH WRROV LQ WKH
SURFHVV RI HVWDEOLVKLQJ WKH SURFHVVLQJ VHUYLFH &ROOHFW HDFK
PDFKLQH
VEDVLFLQIRUPDWLRQDWWKHGDWDFORXGRUWKHHQWHUSULVH
GDWDWHUPLQDODFFRUGLQJWRWKHHTXLSPHQWSHUIRUPDQFHDQGWKH
PDFKLQLQJFKDUDFWHULVWLFV
7UDLQ GDWD DUH FROOHFWHG WKURXJK LQWHOOLJHQW PDFKLQH RU
QHWZRUNLQJFRQVWDQWO\7KHGDWDDUHWUDFNHGDQGFDOLEUDWHGE\
VWDQGDUG ODERUDWRU\ RU SURFHVVLQJ GDWD 7KH LPSDFW IDFWRU RI
PDFKLQHFDQEHREWDLQHGE\FRPSDULQJZLWKEHQFKPDUNGDWD
7KH SURFHVV SDUDPHWHUV FDQ EH RSWLPL]HG RQ WKH FORXG
SODWIRUPDQGPRVWVXLWDEOHSURFHVVSDUDPHWHUVIRUWKLVGHYLFH
FDQEHREWDLQHG



)LJ,QWHOOLJHQWVHOHFWLRQSURFHVVRIWRROV
5HVHDUFKRQWKH$SSOLFDWLRQ7HFKQRORJ\RIWKH%DVLF
'DWDEDVH
7KH ILQDO SXUSRVH RI XVLQJ GDWD PLQLQJ WHFKQRORJ\ WR
RSWLPL]H WKH SDUDPHWHUV EDVHG RQ WKH GDWD ZDUHKRXVH LV
DSSOLFDWLRQ DQG WKH VHUYLFH VWUDWHJ\ RI WKH DSSOLFDWLRQ LV
VKRZQLQ)LJ)LUVWO\SURFHVVGDWDDUHREWDLQHGWKURXJKWKH
FROOHFWLRQ DQG PRQLWRULQJ FOLHQW DQG DUH FOHDQHG XS DQG
WUDQVIRUPHGWRVWDQGDUGGDWD7KHVHGDWDDUHSURFHVVHGE\WKH
HQWHUSULVHVHUYHUDQG WKHQ ORDGHG WR WKHFORXGVWRUHG LQGDWD
ZDUHKRXVH WKURXJK (7/ WRROV IURP FORXG SURFHVVRU
(QWHUSULVH HQJLQHHU RU UHPRWH HQJLQHHUV VXEPLW WKHLU
UHTXHVWHG VHUYLFH WKURXJK WKHFORXGVHUYHU7KHFORXGVHUYHU
ZLOO VHQW EDFN WKH UHTXLUH GDWD WR WKH FOLHQW IURP GDWD
ZDUHKRXVHDIWHUEHLQJTXHULHGH[WUDFWHGDQGSURFHVVHGE\WKH
PLQLQJ UHDVRQLQJ PDFKLQH 7KH RSWLPL]DWLRQ VWUDWHJLHV DUH
WUDQVIHUUHG WKURXJK WKH FOLHQW $33 RU UHSRUWLQJ WRROV DQG
ZKHWKHUWKHVWUDWHJLHVDUHDGRSWHGLWRUQRWILQDOO\GHFLGHGE\
WKH HQJLQHHU $W ODVW GHFLVLRQ UXOHV DQG SURFHVV GDWD DUH
VWRUHGLQWKHVHUYHUZKLFKSURYLGHVVHUYLFHLQWHUIDFHWRFORXG
EDVHGDQGLQWHOOLJHQWPDQXIDFWXULQJ

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)LJ$SSOLFDWLRQVVHUYLFHVWUDWHJ\RIGDWDEDVH
&RQFOXVLRQ
&ORXGPDQXIDFWXULQJDVDQHZPRGHRIVHUYLFHIRUQHWZRUN
PDQXIDFWXULQJSURYLGHV D QHZ VROXWLRQ IRU WKH UHDOL]DWLRQRI
WKH WUDQVIRUPDWLRQ IURP SURGXFWLRQRULHQWHG HQWHUSULVHV WR
VHUYLFHRULHQWHG HQWHUSULVHV DQG WKH RSWLPDO DOORFDWLRQ RI
PDQXIDFWXULQJ UHVRXUFHV $Q LQWHOOLJHQW VHUYLFH SODWIRUP RI
PDQXIDFWXULQJSURFHVVDQGWRROLVDSDUWLDOSDUWRIWKHSURFHVV
VHUYLFH ZDV DQDO\]HG DQG WKH SURFHVV VHUYLFHV VWUDWHJ\
IUDPHZRUN ZDV SODQQHG 7KH GDWD ZDUHKRXVH PHWKRG ZDV
SURSRVHG LQ FRQVLGHUDWLRQ RI WKH ODUJH DPRXQW RI EDVLF
SURFHVVLQJ LQIRUPDWLRQ GDWD %DVLF LQIRUPDWLRQ RI FXWWLQJ
SURFHVVLQJIHDWXUHPDFKLQLQJSURFHVVLQIRUPDWLRQZRUNSLHFH
PDWHULDO WRRO DQG SURFHVV SDUDPHWHUV ZHUH FROOHFWHG WR
HVWDEOLVK GDWD ZDUHKRXVH WHFKQRORJ\ %DVHG RQ WKH GDWD
ZDUHKRXVH WKH GDWD PLQLQJ PHWKRG ZDV XVHG WR TXHU\
SURFHVVLQJ LQIRUPDWLRQ PDWFK SURFHVVLQJ DFFRUGLQJ WR
KDUGZDUHVXFKDVPDFKLQHWRROVDQGFXWWLQJWRROVSURYLGHGE\
PDQXIDFWXUHU DQG DGDSW EDVLF SURFHVV LQIRUPDWLRQ WR WKH
HTXLSPHQWV 7KLV SDSHU SUHVHQWV WKH DSSOLFDWLRQ VWUDWHJ\
IUDPHZRUN RI SURFHVV VHUYLFH RQ WKH EDVLV RI WKH DERYH
UHVHDUFK 7KH FODVVLILFDWLRQ PHWKRG WR YHULI\ WKH FROOHFWHG
LQIRUPDWLRQZLOOEHGLVFXVVHGLQIXWXUHUHVHDUFK
$FNQRZOHGJHPHQWV
)LQDQFLDO VXSSRUW RI WKLV ZRUN ZDV SURYLGHG E\ WKH
1DWLRQDO6FLHQFH)RXQGDWLRQRI&KLQD*UDQW1R
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